1. INTRODUCTION {#sec1}
===============

Extracellular matrix (ECM) proteins are the main extracellular components of the tumor microenvironment \[[@r1], [@r2]\] that affect cell growth, invasion, migration, anoikis and metastasis \[[@r3]-[@r6]\]. The representative of ECM proteins is Epidermal

Growth Factor-like repeats and Discoidin I-Like Domains 3 (EDIL3), which was first described in the context of vascular morphogenesis \[[@r7], [@r8]\]. Physiologically, EDIL3 expression is observed only during embryonic development \[[@r8]\]. It is an integrin ligand that plays a key role in remodeling and developing the walls of blood vessels. The secretion of this protein has been observed in angioblasts and early endothelial cells of developing organs such as the lungs, kidneys and heart. In addition, EDIL3 affects endocytosis and programmed cell death \[[@r9], [@r10]\]. It also plays an important role in modulating the adhesion of immunocytes through interactions with leukocyte-specific integrins \[[@r11]\]. Changes in the expression profile of EDIL3 were observed in hepatocellular carcinoma \[[@r12], [@r13]\], pancreatic cancer \[[@r14]\], colorectal cancer \[[@r15]\], bladder cancer \[[@r16]\], breast cancer \[[@r17]\] and lung cancer \[[@r18]\]. The key aspect of cancer transformation is angiogenesis \[[@r19]\], during which the loss of balance between the level of pro- and anti-angiogenic factors is observed \[[@r20]\]. EDIL3 protein initiates angiogenesis, which indicates that tumor cells with a high level of its expression are able to stimulate endothelial cell growth and promote formation of new blood vessels \[[@r9], [@r21], [@r22]\].

One of the most commonly diagnosed gynecological cancers is endometrial cancer. The degree of cancer differentiation affects the probability of spread and recurrence of the disease. In the histopathological examination, a three-tier grading (G1-G3) is used based on the International Federation of Gynecology and Obstetrics (FIGO) recommendations: G1-5% or less of a solid growth pattern, G2 - between 6 and 50% of a solid growth pattern, G3 - more than 50% of a solid growth pattern \[[@r23]\].

The aim of this study was to investigate changes in the expression profile of EDIL3 at various degrees of endometrial cancer differentiation (G1-G3) based on immunohistochemistry. It will allow us to assess the possibility of using EDIL3 as a supplementary molecular marker in the diagnostics and searching for endometrial cancer therapy.

2. MATERIAL AND METHODS {#sec2}
=======================

The study was approved by the Bioethics Committee of the Medical University of Silesia in Katowice (KNW/0022/ KB/237/16). The analysis of changes in the expression profile of EDIL3 protein was performed in 45 patients who underwent hysterectomy due to diagnosed endometrial cancer in various grades of its differentiation (G1 and G2, 15 patients; G3, 13 patients). The control group (C) consisted of 15 patients without neoplastic changes during routine gynecological examinations. The analyzed groups were characterized by the following values of age, height, weight, BMI, presented as mean ± standard deviation: C = 54.57 ± 10.81 years, 1.62 m ± 0.07 m, 73.79kg ± 11.95kg, 28.21 ± 8.20- overweight; G1 = 66.63 ± 7.05 years, 1.61 m ± 0.04 m, 74.38kg ± 11.95kg, 28.77 ± 5.73 - overweight; G2 = 67.4 ± 11.89 years, 1.57 m ± 0.05 m, 84.77kg ± 25.63kg, 34.63 ± 11.63 - class I obesity; G3 = 63.38 ± 9.52 years, 1.58 m ± 0.05 m, 83.13 kg ± 14.92 kg, 33.58 ± 6.31 - class I obesity. The study did not qualify patients undergoing hormone replacement therapy in the period of 24 months prior to surgery, with BMI \> 40 kg/m^2^, diagnosed with endometriosis, adenomyosis, non-endometrioid endometrial cancer, coexisting cervical cancer.

To determine the expression of EDIL3 protein, paraffin blocks provided by the Laboratory of Pathomorphology of Beskid Center of Oncology in Bielsko-Biała were used. Rabbit polyclonal anti-EDIL3 antibody (Novus Biological, USA) was used to perform immunohistochemical staining of the prepared slides. The sections were incubated in citrate buffer (pH 6, 30 min at 95°C) in water bath for antigen retrieval. Then they were treated with 3% (v/v) H~2~O~2~ in water for 10 min to block endogenous peroxidase activity. Non-specific binding was blocked with 1% BSA solution in PBS (30 min at room temperature). Next, the slides were incubated with rabbit polyclonal anti-EDIL3 antibody (3.28 µg/ml) in a humidified chamber (20h at 4°C). Then the avidin-biotin complex (ABC) method was performed according to the manufacturer\'s protocol (Vectastain Elite ABC Kit; Vector Laboratories, USA). Diaminobenzidine (DAB) was used to visualize the bound antibodies. The slides were stained with Gill\'s hematoxylin, dehydrated, and cover-slipped. The negative control was performed by replacing the primary antibody with rabbit IgG. Photographic documentation was prepared using an Eclipse E200 light microscope with DS-Fi1 digital camera (Nikon). In order to assess the immunohistochemical reaction, a total of 15 photos were taken for each paraffin block (200x magnification). Using the NIS-AR (Nikon) program, the optical density of the reaction product was evaluated in fields where a positive immunohistochemical reaction occurred.

Statistical analysis was carried out using the Statistica 12 PL software (StatSoft, USA). First, the normality of the analyzed data was evaluated using the Kolmogorov-Smirnov test. Then one-way ANOVA and Tukey\'s post-hoc tests were performed (p\<0.05). Correlations between protein level in every cancer grade and weight and BMI were determined by Pearson correlation coefficient. The results of changes in the expression of the analyzed protein are presented as mean ± standard deviation.

3. RESULTS {#sec3}
==========

In the control group, EDIL3 expression was observed only in glandular cells, whereas in the study group it was present only in cancer cells (Table **[1](#t1){ref-type="table"}**, Fig. **[1](#f1){ref-type="fig"}**). The arrows show the places where the expression of analyzed protein was observed. Expression of EDIL3 in glandular cells indicates that they are the source of the studied protein, and thus are involved in angiogenesis in the endometrium. In turn, EDIL3 expression in cancer cells is also associated with intense angiogenesis within the tumor as well as reduction of apoptosis and induction of cell migration in which EDIL 3 is involved. The average optical density of the immunohistochemical reaction product in G1 endometrial cancer reached 130% of the control, in G2 it was 153% of the value noted in the control, while the values in G2 and G3 were 153% and 158% respectively. The observed values indicate an increase in EDIL3 level along with the increase in cancer grade. It can also be concluded that the largest difference in its expression occurs between the G1 and G3 endometrial cancer (Table **[1](#t1){ref-type="table"}**). Statistically significant correlation was found only between EDIL3 expression in patients with G3 endometrial cancer and weight (r = -0.800350) and BMI (r = -0.810750). The value of the correlation coefficient indicates a strong relationship between the analyzed parameters.

4. DISCUSSION {#sec4}
=============

The search for new markers to identify carcinogenesis at the early stage of neoplastic transformation plays a key role in modern diagnostics and significantly increases the chances of curing and achieving remission in a patient. The huge possibilities of detection by marker systems result from the development of molecular biology and proteomics methods \[[@r24]\]. The introduction of a liquid biopsy for wider diagnostics is linked with the chance of detecting cancers associated with viral infections in an early stage of tumor development. However, the role of proteomic studies in cancer diagnostics should not be diminished. They have been conducted and analyzed for a long time, thus allowing for a more comprehensive understanding of changes at the molecular level \[[@r25], [@r26]\]. In addition, it is also important to search for new therapeutic goals, including those based on anti-angiogenic therapy \[[@r27]\].

In this study, we evaluated changes in EDIL3 protein level at three degrees of endometrial cancer differentiation and determined their utility as a complementary molecular marker. It is extremely important to find a marker whose changes in expression indicate the progression of carcinogenesis, but at the same time allow to reliably differentiate between healthy and pathological tissues. Studies at the transcriptome level based on the oligonucleotide microarray technique (HG-U133A; Affymetrix, Inc., Santa Clara, CA, USA) have shown that *EDIL3* differentiates G1 endometrial cancer from control (normal endometrium) \[[@r28]\]. We observed its overexpression (FC = + 1.791), which coincides with the optical density of the reaction product for EDIL3 in G1 endometrial cancer tissue samples observed in this work. The microarray analysis also showed that changes in the transcriptional activity of *EDIL3* in G2 and G3 endometrial cancer are statistically insignificant when compared to the control, and therefore it is not a differentiating gene for these grades \[[@r28]\].

Modulation of *EDIL3* transcriptional activity involves an epigenetic mechanism of the sequence-specific regulation of gene expression by miRNAs. Xia *et al.* in their studies on hepatocellular carcinoma demonstrated miR-137 participation in the regulation of EDIL3 \[[@r29]\]. If such mechanism is also present in endometrial cancer, this would indicate that, firstly, miRNAs play a role not only in the silencing of gene expression \[[@r30]\], but also in enhancing their transcriptional activity. Secondly, perhaps in a certain tissue the interaction strength between mRNA and miRNA is too weak and does not translate into lower expression of the target transcript \[[@r31]\]. It is also possible to overlap these two hypotheses. Cobb *et al.* emphasize the role of environmental factors in cancer development, thus determining the chances of effective therapy. They indicate the relationship between the incidence of obesity and the development of endometrial cancer, as well as hyperglycemia with a non-physiological expression profile of proangiogenic genes \[[@r32]\]. In our study, statistically significant correlation was found only between EDIL3 level and weight and BMI in G3 endometrial cancer. We demonstrated that with the increase in these parameters, the expression of the analyzed protein is silenced. Our observations are inconsistent with the results presented by Cobb et al, who found an increase in EDIL3 expression as the BMI increased. A potential cause of these discrepancies may be the fact that the analysis was carried out on the mouse model \[[@r32]\]. Observation of a significant correlation only in patients with G3 endometrial cancer may be due to poor tumor differentiation. Thus, the disturbance of the body homeostasis is the highest compared to the earlier grades, which is accompanied by a change in the concentrations of cytokines, whose activity promotes metabolic changes \[[@r33]\]. Another potential reason for the observed correlation and its direction may be the size of the study group and the life environment of patients.

EDIL3 is described as an extracellular matrix protein, significantly affecting the severity of tumor angiogenesis \[[@r9], [@r21], [@r22], [@r34]\]. Xia *et al.* indicate that EDIL3 activates the TGF-β and ERK pathways. They emphasize the role of the analyzed protein in angiogenesis, metastasis and recurrences of hepatocellular carcinoma. Their analysis was performed at the transcriptome and proteome levels \[[@r29]\]. Our work seems to be a valuable study of EDIL3 expression at the proteome level, which allows us to observe changes in its expression in the entire DNA-RNA-protein genetic information flow. Studies of Zhang *et al.* confirm the effect of EDIL3 on the TGFβ signaling pathway and epithelial-mesenchymal transition (EMT) in epithelial cells. The reduced expression of EDIL3 was accompanied by a decreased level of α-actin and vimentin, a decrease in SMAD2 and SMAD3 phosphorylation and activation of extracellular signal-regulated kinase (ERK). They indicate that in addition to the possibility of using EDIL3 as a diagnostic marker, it is an interesting and promising therapeutic target for posterior capsule opacification \[[@r35]\]. The possibility of making EDIL3 a therapeutic target in breast cancer is underlined \[[@r17]\], suggesting an extension of its potential therapeutic use to other gynecological malignancies, such as endometrial cancer. In ovarian endometriosis, an increase in EDIL3 expression was also observed (FC = 3.44, p = 0.017292) \[[@r36]\]. Our current work combined with the previous one \[[@r28]\] and observations made by other research teams is a valuable complement and arrangement of knowledge about changes in the expression profile of EDIL3 in cancer. Lee *et al.* also emphasize the role of EDIL3 as an independent prognostic factor of survival and a condition for its development, independent of anchoring the tumor. They indicated that as the expression of this protein increases, the survival time is shortened. These researchers also described the effect of EDIL3 on the balance between pro- and anti-apoptotic proteins. Their observations indicate that as the level of EDIL3 increases, the expression of Bcl-2 and Bcl-x also increases, while the Bax level changes slightly \[[@r17]\]. The detection of EDIL3 in normal pancreatic tissues is an intriguing observation. Jiang *et al.* associate this unexpected observation with the influence of the tumor microenvironment on normal tissues \[[@r37]\]. It is suggested that EDIL3 interacts and modulates the tumor microenvironment *via* angiogenic pathways \[[@r32]\].

An important aspect of the research is to find the best method for quantifying the changes in the expression of the potential marker. Lee *et al.* in their study on the level of EDIL3 in breast cancer used the immunohistochemical staining method and mass spectrometry (MS), indicating the mutual complementation of the obtained results \[[@r17]\]. Beckham *et al.* also used the MS method and obtained strong premises for accurate assessment of the expression pattern of EDIL3 in bladder cancer \[[@r16]\]. Other researchers also emphasize the complementation of immunohistochemical staining and MS in the assessment of changes in concentrations of the analyzed factors. Thus, they do not deny any of them for the benefit of the other, although it seems that MS goes beyond classical histology \[[@r38]-[@r40]\]. Lee *et al.*, Kaweewong *et al.* and Stamer *et al.* indicate the possibility of extraction and solubilization of proteins, including EDIL3, from tissues and then conducting sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE) to determine the concentration profile of the analyzed proteins \[[@r17], [@r41], [@r42]\]. All of these observations show the diversity of methods for assessing protein expression and their complementation, which gives the possibility of a holistic view of the importance of a given protein in a specific pathological condition.

Based on the immunohistochemical analysis performed in this study, it can be concluded that with the increase of endometrial cancer grade, EDIL3 level increases and is always higher than in the control. The highest differences in concentrations of EDIL3 occur between G1 and G2, as well as G1 and G3 (Table **[1](#t1){ref-type="table"}**). The observed upward trend in the expression of the discussed protein along with the increase of endometrial cancer grade suggests the ease of interpretation of the expression results, indicating the value of introducing EDIL3 as a new molecular marker in the diagnosis of endometrial cancer. In addition, the observed relatively large differences in the protein level between individual grades suggest the possibility of complementing the histopathological examination of the endometrial cancer grade with the assessment of molecular differentiation by determining the level of EDIL3. Jeong *et al.* observed the same trend of EDIL3 expression at mRNA and protein levels in lung adenocarcinoma and squamous cell lung cancer. They noted a correlation between EDIL3 and the mesenchymal phenotype of tumor cells by assessing the EMT markers (E-cadherin, β-catenin, vimentin and CD31). Based on the multivariate analysis, they concluded that EDIL3 acts as an independent predictor of overall survival in lung adenocarcinoma. Thus, the analyzed protein is closely related to angiogenesis, the development of tumor mass in lung adenocarcinoma and mesenchymal phenotype \[[@r18]\].

An extremely important aspect of any diagnostics, in addition to its utilitarian value, is to minimize the patient\'s physical and mental suffering, use of burdensome procedures for the patient, which include complicated research and the long-awaited outcome. Procedures carried out in our work eliminated the appearance of additional negative experiences in patients treated oncologically. The study used tissue samples from which histopathological examination was performed, allowing to determine the degree of cancer differentiation. Also, the methodology of the study and the time expected for the result is relatively short and does not interfere with other medical procedures. The presented arguments indicate the value of molecular research, including the determination of EDIL3 expression and the possibility to incorporate them in modern oncological treatment. Therefore, it is not possible to analyze only one signaling pathway in an isolated system due to the interactions between the pathways and the molecules involved \[[@r43]\]. For example, Yin *et al.* indicate a key contribution of the HAND2 gene and protein expression in the induction and development of endometrial cancer of emphasizing the possibility of using it as a molecular marker in this tumor \[[@r44]\]. This is also confirmed in our previous works, in which we presented the potential diagnostic value of endoglin and neuropilins assessment among patients with endometrial cancer \[[@r45], [@r46]\]. Thus, the connections between particular factors and the value of analyzing changes in the expression of defined groups of genes and proteins become more visible.

CONCLUSION
==========

In conclusion, the analysis of changes in the expression of EDIL3 protein suggests its potential use as a complementary molecular marker in the diagnosis and determination of the endometrial cancer grade. A thorough analysis of the literature data with the results obtained in the previous \[[@r26]\] and this work indicates the complexity of neoplastic transformation and the key role of the microenvironment. The presented study is important as there are relatively few works analyzing the expression of EDIL3 in endometrial cancer.

All authors were responsible for the concept and design of the study, collection and collation of data, analysis and interpretation of data, writing of the article, reviewing, and final reviewing of this article and graphics performance.

ETHICS APPROVAL AND CONSENT TO PARTICIPATE
==========================================

Approval of the Bioethical Committee of the Medical University of Silesia, No. KNW/0022/KB/237/16 has been obtained for this study.

HUMAN AND ANIMAL RIGHTS
=======================

No animals were used in this study. All human procedures were followed in accordance with the ethical standards of the institutional and/or national research committee and with the 1964 Helsinki declaration and its later amendments or comparable ethical standards.

CONSENT FOR PUBLICATION
=======================

Informed consent was obtained from all of the patients recruited.

AVAILABILITY OF DATA AND MATERIALS
==================================

All data was included in the manuscript.

FUNDING
=======

None.

CONFLICT OF INTEREST
====================

The authors declare no conflict of interest, financial or otherwise.

![Immunohistochemical localization of EDIL3 in different grades of endometrial cancer (200x magnification). C, control; G, grade of endometrial cancer.](CPB-20-483-f1){#f1}

###### Optical density of the reaction product for EDIL3 in different grades of endometrial cancer and control.

  **Localization**   **Control**   **G1**            **G2**            **G3**
  ------------------ ------------- ----------------- ----------------- -----------------
  Glandular cells    110.6 ± 9.3   \-                \-                \-
  Cancer cells       \-            144.7 ± 12.4^a^   168.1 ± 13.5^a^   173.7 ± 15.8^a^

a - statistically significant changes at p\<0.05 (G1 *vs.* C; G2 *vs.* C; G3 *vs.* C; G3 *vs.* G2; G3 *vs.* G1).
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